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Field of the Invention 

This invention relates to a resistance force generator that generates a resistance 
force on an input operation unit in accordance with the game content (information), such as 
1 0 the type or status of the game. 
Background of the Invention 

Conventionally, an input operation unit such as a button or a lever of an operation 
device for a game machine for home use is impelled by a spring or the like so as to restore 
a prescribed state, and when the input operation unit is operated, the spring is deformed in 
1 5 accordance with its displacement and it is subject to a reaction force due to its resilience. 

With such a construction, if one plays a game by prescribing the actions on the 
action target on the monitor screen by manipulating operation buttons, etc., one can only 
experience what happens by watching the character on the monitor's screen (video) and by 
hearing the sound that is generated from the monitor (audio), and because actually the 
20 actions take place only functionally by manipulation of the user's fingers, there is no 
experiential function provided by the feedback to the operation device. 

Reaction generators have been developed whereby when, due to the type of the 
game and manipulation of the input operation unit, one encounters a specified action or 
scene, the game performance is improved with an enhanced sense of presence in that the 
25 experience fed back from the game machine main unit to one's fingers and arms is 
obtained in the input unit itself. 

For example, a device shown in Figure 1 converts the turning force generated by a 
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motor 1, etc. to a linear motion while reducing speed and increasing power with a speed 
reduction mechanism 6 of a gear 2, a gear 3, a pinion 4, a rack 5, etc., thus performing 
transmission to the input operation unit of a lever 8, etc. by a linkage 7. Interposed 
between the speed reduction mechanism 6 and the linkage 7 is a buffering member 10 
formed of a spring 9, etc.. The buffering member 10 generates a reaction force in 
accordance with the operation displacement of lever 8 and prevents an excessive force 
from being applied to the constituent parts. 

A device shown in Figure 2 is constructed so as to transmit the turning force 
generated by motor 1 1 , etc. to the input operation unit formed of a lever 20, etc. via a speed 
reduction mechanism 16 of a worm 12, a worm wheel 13, a pinion 14, a rack 15, etc., a 
buffering member 18 formed of a spring 17, etc., and a linkage 19. This device differs 
from that in Figure 1 in that the rack 15 and the pinion 14 prevent the reaction force of the 
input unit from being transmitted to the motor 1 1 . 

In the devices shown in Figs. 1 and 2, the reaction force of the levers 8, 20 is 
modified by modifying the amount of deflection of the springs 9, 1 7 by the drive of motors 
1, 1 1 in accordance with game information. 

On these two devices, providing a speed reduction mechanisms 6, 1 6 increases the 
number of parts and is disadvantageous in reliability and cost. 

Because a number of mechanisms are interposed between the motors 1, 1 1 and the 
input operation units, there is rattling caused by a backlash, which tends to detract from the 
direct feeling transmitted to the fingertips, because the desired resistance force is not 
generated instantaneously. 

Moreover, in the conventional devices of this type, a "reaction force" is generated 
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which is proportional to the amount of manipulation of the input operation unit, that is, to 
the displacement of the input operation unit. If the amount of displacement of the input 
operation unit from its neutral state is small, the reaction force is small, and if it is large, 
the reaction force is large. Thus it has been impossible to generate a "resistance force" that 
is proportional to the operation speed of the input operation unit. 

Summary of the Invention 

It is an object of the present invention to solve the above problems, and to provide 
a resistance force generator that can generate a "resistance force" which is proportional to 
the operation speed of the input operation unit, can reduce the number of parts, and allow 
one to have a full direct feeling in the sense of touch transmitted to the fingertips. 

The above and other objects of the present invention are obtained by a resistance 
force generator that generates, in accordance with game information, a resistance force 
which corresponds to input operations on an input operation unit of the input means, by 
which information is input to the main unit, of the main unit of the game machine, the 
resister force generator comprising a container that accommodates a magnetic substance; 
rotating members which rotate based on an input operation of the input operation unit, and 
a magnetic field generation means which generates a magnetic field inside said container 
in accordance with the game information. 

The rotating members may be arranged in a state in which a part of their periphery 
is immersed in said magnetic substance when there is no magnetic field, or they may be 
arranged in a state in which all of one of their surface sides is immersed in said magnetic 
substance when there is no magnetic field. Also, the rotating members may have a 
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structure that has an accommodation unit which accommodates said magnetic substance 
when there is a magnetic field. Preferably, the rotating members are rotary vanes made of 

a nonmagnetic substance. 

As the magnetic substance, one may use a magnetic powder or a magnetic fluid. 

As the magnetic field generation means, one may use an electromagnet, etc. 
Preferably, this magnetic field generation means is arranged so that it collects the magnetic 
substance over the entire region of the rotating members when a magnetic field is 
generated. 

The container may have a structure that has, in a part separated from the rotating 
members, a space in which a magnetic substance collects when a magnetic field is 
generated. 

With such a configuration, generating a magnetic field with the magnetic field 
generation means causes the magnetic substance to be excited and magnetically aggregate, 
and consequently increases or decreases the resistance force of the rotation of the rotating 
members. 

Also, the resistance force generator that generates, in accordance with game 
information, resistance force that corresponds to input operations on the input operation 
unit of the input means comprises a magnetic member which rotates based on input 
operation of the input operation unit and a magnetic field generation means that produces a 
magnetic field directed toward said magnetic member in accordance with game 
information. 

With such a configuration, the resistance force of the rotation of the magnetic 
member is increased by generating a magnetic field by means of the magnetic field 
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generation means. 

Brief Explanation of the Drawings 

Figure 1 is a diagram showing a conventional reaction force generator; 
5 Figure 2 is a diagram showing another conventional reaction force generator; 

Figure 3 is a schematic diagram showing a game machine for explaining a first 
embodiment of the present invention; 

Figure 4 is a diagram showing an operation device of the game machine of Fig. 3; 
Figure 5 is a perspective view showing a resistance force generator of the operation 

10 device of Fig. 4; 

Figure 6 is a cross-sectional view showing the key parts of the reaction force 

generator; 

Figure 7 is a cross-sectional view for explaining the operation of the reaction force 
generator of the present invention; 
1 5 Figure 8 is a block diagram of the operation device of the game machine and the 

state of connection with the main unit of the game machine; 

Figure 9 is a flowchart showing the processing procedure on the side of the 
operation device for the game machine; 

Figure 10 is a flowchart showing the processing procedure on the side of the main 

20 unit of the game machine; 

Figure 1 1 is a cross-sectional view showing another example of the resistance force 

generator of the present invention; 

Figure 12 is a perspective view showing the rotary vanes of resistance force 
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generator of Fig. 11; 

Figure 13 is a cross-sectional view of still another example of the resistance force 

generator; 

Figure 14 is a cross-sectional view for explaining the operation of the reaction 
force generator of Fig. 13; 

Figure 15 is a cross-sectional view of yet another example of the resistance force 
generator of the present invention; 

Figure 16 is a cross-sectional view for explaining the operation of the reaction 
force generator of Fig. 15; and 

Figure 17 is a perspective view showing the operation device of the game machine 

for explaining a second embodiment. 

Detailed Description of the Preferred Embodiments 

A game machine that makes use of the resistance force generator according to the 
first embodiment of this invention will be explained with reference to Figures 3 through 
10. 

In Figure 3, 3 1 is a main unit at the game machine which is connected to a monitor 
32, such as a television receiver, and to a game machine operation device (input means) 33 
(see Figure 4). 

Built into the main unit 3 1 is a CD-ROM driver having a function to reproduce a 
CD-ROM which is a video recording medium. On the top surface of the game machine 
main unit 3 1 is a structure provided with a cover member 34, which accommodates and 
covers the CD-ROM, an opening and closing switch 35 which opens and closes the cover 
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member 34, a power switch 36, which supplies electric power, a reset switch 37 which sets 
the operation of the main unit 3 1 into its initial state, and a connection unit 38 to which two 
operation devices can be connected. By connecting a connector 39 of game machine 
operation device 33 (which will be described later on) to the connection unit 38, the main 
unit 31 and the game machine operation device 33 are electrically connected via a cable 
40, and a two-way communication is made possible between the main unit 3 1 and the 
game machine operation unit 33. 

As shown in Figure 4, the game machine operation device 33 allows the desired 
input operation to be performed by having the whole thereof tih in the x direction and y 
direction, and it is connected to the main unit 3 1 and monitor 32, etc., such as a television 
receiver. 

The operation device 33 has a housing 41 that is shaped roughly like a stick so as 
to make it possible to grasp and operate it with one hand. This housing has input buttons 
42 ... on its rear side (the near side) and a trigger 43 as an input operation unit on its front 
side (the far side). 

Also, inside the housing 41 are switches (not shown), a circuit board (not shown) 
for controlling communication with a playable main unit 3 1 which accommodates a 
CD-ROM which is a video recording medium, and a resistance force generator 53, which 
will be described in detail later on. 

As shown in Figure 5, a trigger 43 is provided so as to freely rotate in housing 41 
about a rotation shaft 44. As it rotates, trigger 32 can protrude from and be inserted into 
holes (not shown) in housing 41 . Trigger 43 is prevented from being pulled outside of 
housing 41 by a stopper (not shown). 
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Shaft 45 is provided on the rotation-free end of trigger 43, and one end of a rod 46 
is coupled rotatably to shaft 45. The other end of rod 46 is coupled rotatably to the 
rotation-free end of an arm 48 via a shaft 47, and the base end of arm 48 is fixed to a shaft 
49. 

Attached to shaft 49 is the base end part of a forked spring 50. One end of spring 
50 engages with arm 48, and its other end engages with an engagement part 51 of housing 
41 . Reaction force proportional to the displacement of trigger 43 is provided by elastic 
force of spring 50. If the amount of displacement is small, the reaction force caused by 
spring 50 is small, and conversely if it is large, the reaction force is large. 

Knob 52 is coupled to one end of shaft 49. When trigger 43 is operated, knob 52 
turns, and an input signal is generated. 

Coupled to the other end of shaft 49 is a resistance force generator 53, which, in 
accordance with game information, puts onto trigger 43 a resistance force that corresponds 
to the input operation. 

The resistance force generator 53 has a container 54 and an electromagnet 
(magnetic field generation means) 55. 

Container 54 is shaped as a circular cylinder with a base. As shown in Figure 6, a 
small quantity of magnetic powder (magnetic substance) 56 is sealed in container 54, and 
rotating vanes (rotating members) 57, which are made of a nonmagnetic substance, are 
accommodated in it. 

Rotating vanes 57 are attached to the end of shaft 49. That is, an insertion opening 
58 is provided in container 54, and the end of shaft 49 is inserted through this insertion 
opening 58 into the interior of container 54. Rotating vanes 57 are attached to the insertion 
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end part of shaft 49, and they rotate based on the input operation of trigger 43. 

Magnetic powder 56 is accommodated so that it pools in the bottom of container 
54 when there is no magnetic field, and rotating vanes 57 are arranged so that part of their 
periphery is immersed in the magnetic powder 56 that pools in bottom when there is no 
magnetic field. 

Electromagnet 55 generates a magnetic field inside container 54 in accordance with 
game information, so it is provided on the end face of the side opposite to insertion 
opening 58 of container 54, and it has an iron core 60 and a coil 61 . Iron core 60 consists 
of a large-diameter part 60a which is arranged adjacent to the end face of container 54, and 
a small-diameter part 60b which partly touches the large-diameter part 60a. Coil 61 is 
arranged on the small-diameter part 60b. As shown in Figure 7, magnetic powder collects 
in the entire region of rotating vanes 57 when electromagnet 55 generates a magnetic field. 

Returning to Figure 5, when trigger 43 is pushed in, spring 50 is deformed against 
the elastic force. A reaction force that is proportional to the input operation displacement 
is applied to trigger 43, knob 52 and rotating vanes 57 are rotated, and an input signal is 
output from knob 52. 

Meanwhile, depending on the game information, a driver 65, which is discussed 
below, is driven. A current that corresponds to the game information flows from driver 65 
to coil 61, and a magnetic force that corresponds to the current is generated. 

That is, normally, as shown in Figure 6, current does not flow in coil 61, magnetic 
powder 56 falls to the base of container 54, and it comes into contact with only part of 
rotating vanes 57, namely the peripheral lower part, and there is no phenomenon of 
aggregation (the magnetic powder's tightly cohering and forming) due to the magnetic 
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force. Therefore the rotation resistance of rotating vanes 57 is small. 

When, based on game information, current flows in coil 6\ as shown in Figure 7, 
magnetic powder 56 collects on the entire region of rotating vanes 57, and the resistance 
against rotation of rotating vanes 57 is increased. That is, the magnetic field generated by 
electromagnet 55 excites and magnetically aggregates magnetic powder 56 and increases 
the rotation resistance force of rotating vanes 57. In this way, resistance force 
corresponding to game information is applied to trigger 43. In this case, resistance force is 
obtained on trigger 43 which is proportional to the input operation speed of trigger 43 
regardless of the input operation displacement, because it is a method in which a resistance 
force is generated in rotating vanes 57 by the aggregation of magnetic powder 56. 

Next, a two-way communication function will be explained. As shown in Figure 
8, the game machine operation device 33 has a structure having an I/O interface SIO which 
performs serial communication with the main unit 31 , a parallel I/O interface PIO that 
inputs operation data from multiple operation buttons, a one-chip microprocessor formed 
of a CPU, RAM and ROM, electromagnet 55 and driver 65 that supplies current that 
corresponds to game information. 

Meanwhile, the main unit 31 is arranged so as to have a serial I/O interface SIO 
which performs serial communication with game machine operation device 33, and when 
connector 39 of game machine operation device 33 is connected thereto, it is connected 
with the serial I/O interface SIO on the game machine operation device 33 side via 
connector 39, and thus a two-way communication means is formed and a two-way serial 
communication can be done. 

The Signal lines and control lines by which two-way serial communication is 
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performed include a signal line TXD for data transmission that sends data from the main 
unit 31 to game machine operation unit 33, a signal line RXD for data transmission that 
sends data from the game machine operation unit 33 side to the main unit 3 1 side, a signal 
line SCK (serial clock) for the serial synchronization clock used to extract data from each 
of data transmission signal lines TXD and RXD, and control line DTR (data terminal 
ready) for establishing and interrupting communication of game machine operation device 
33, which is the terminal side. 

Included among the cables mat have the signal lines and control lines by which the 
two-way serial communication is performed is, besides the signal lines and control lines, a 
power cable 66, which is taken directly from the power source on the main unit 31 side. 
The power cable 66 is connected to driver 65 on the game machine operation device 33 
side and supplies power to electromagnet 55. 

In the two-way serial communication procedure used in the above arrangement, in 
order for the main unit 3 1 to communicate with the game machine operation device 33 and 
take in the operation data from operation buttons 42 •• (the button information), first, the 
main unit 3 1 confirms via control line DTR that it is selected, following which the game 
machine operation device 33 goes into a standby state for reception of signal line TXD. 
Next, the main unit 3 1 sends out to signal line TXD for data transmission an identification 
code that indicates the game machine operation device 33. In this way, game machine 
operation device 33 receives this identification code from signal line TXD. 

Hereafter communication with game machine main unit 3 1 begins since the 
identification code indicates game machine operation device 33. That is, control data, etc. 
is sent from main unit 3 1 to game machine operation device 33 via data transmission 
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signal line TXD, and conversely operation data, etc. operated by operation buttons 42 ... is 
sent from game machine operation device 33 to main unit 3 1 via data transmission signal 
line RXD. In this way, two-way serial communication takes place between main unit 3 1 
and game machine operation device 33, and this communication is brought to an end when 
main unit 31 outputs a selection cancellation signal via control line DTR. 

If equipped with a two-way serial communication function, operation button 
operation data, etc. can be sent to the main unit 3 1 side mainly from the game machine 
operation device 33 side, and resistance force data for supplying to electromagnet 55 the 
current to generate magnetic force in accordance with game information can be sent out to 
the game machine operation device 33 side via data transmission signal line TXD. This 
resistance force data corresponding to game information is preset by the game CD-ROM 
mounted on main unit 3 1, and feedback is carried out by fixed-time dynamic transmission 
from main unit 3 1 to game machine operation device 33 itself in accordance with the type, 
content, and state of the game and the action targets of the users playing the game. This 
point is further explained with reference to Figures 9 and 10. 

First, the processing procedure on the side of operation device 33 will be described 
with reference to Figure 9. In step ST1, the CD-ROM for a specified game is loaded on 
the main unit 3 1 , commencement of the game is set by the start switch of game machine 
operation device 33, the state in which the game is played results from operation of select 
switches, and one proceeds to step ST2, 

In step ST2, upon the game start, a microprocessor consisting of the CPU, RAM, 
and ROM of game machine operation device 33 constantly monitors whether reaction 
force data has been sent from the game machine main unit 3 1 side via the serial I/O 
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interface. Included in this resistance force data is data by which to drive electromagnet 55 
in accordance with game information. Next, one proceeds to step ST3. 

In step ST3, the resistance force data in the data signal received on the game 
machine operation device 33 side is judged. If there is resistance force data, one proceeds 
to step ST4, and if there is no reaction force data, one proceeds to step ST5. 

In step ST5, it is decided whether operation buttons, etc. have been operated; if so, 
one proceeds to step ST6, and if not, a wait state results and monitoring continuously 
monitors to check whether or not an operation is performed. 

In step ST6, the operation data is output via parallel I/O interfoce PIO, and one 
proceeds to step ST4. 

In step ST4, the reaction force data is processed by the microprocessor, and one 
proceeds to step ST7. Also, the operation data from parallel I/O interface PIO is 
processed, and one proceeds to step ST8. 

In step ST7, the resistance force data is converted to an analog signal, and one 
proceeds to step ST9. 

In step ST9, driver 65 is driven by the analog signal, electric power in accordance 
with game information is output from driver 65, and one proceeds to step ST10. 

In step ST10, electromagnet 55 generates magnetic force by the current supplied 
from driver 65, thereby applying resistance force to trigger 43. That is, resistance force 
corresponding to game information that is generated by electromagnet 55 is superimposed 
on the inherent reaction force due to spring 50. In this case, the size of the resistance force 
added to trigger 43 varies depending upon the amount of the current supplied to 
electromagnet 55. In other words, the resistance force can be changed by changing the 
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amount of the current that flows through. 

In step ST8, the operation data is converted to serial data and is returned to game 
machine main unit 31 via serial I/O interface SIO, and one proceeds to step ST1 1. 

In step ST1 1, one waits in a standby state for reception of data from game machine 
main unit 31, and one proceeds to step ST12. 

Next, to describe the processing procedure on the side of game machine main unit 
3 1 will be described with reference to Figure 1 0. First, in step ST1 2, a state results in 
which the game is played simultaneously with step ST1, and one proceeds to step ST13. 

In step ST13, serial data is received from game machine operation device 33, and 
one proceeds to step ST14. 

In step ST 14, serial data is taken in so that a comparison can be made between the 
action target data and the received serial data, and one proceeds to step ST15. 

In step ST 15, a comparison is made between the action target data and the received 
serial data, and the hit state is distinguished. When the action target data and the received 
serial data are in agreement, that is, when there is a hit, one proceeds to steps ST16 and 
ST17. If they do not match, one proceeds to step ST18. 

In step ST16, action targets that have been hit are displayed on the monitor screen. 
In step ST17, the resistance force data is output, and one proceeds to step ST19. 
In step ST19, the resistance force data is converted to serial data and is returned as 
a specified response signal to game machine operation device 33 via serial I/O interface 
SIO, and one proceeds to step ST20. 

In step ST 18, the CPU (central processing unit) of game machine main unit 31 
displays the action targets based on the operation buttons, on the monitor screen, then one 
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proceeds to step ST20. 

In step ST20, one waits for data from game machine operation device 33, and one 

proceeds to ST1 3. 

With the above composition, resistance force that corresponds to game information 
(the content of the game) is applied to trigger 43. Moreover, in this case, because there is 
employed a system that generates a resistance force on rotating vanes 57 by the 
aggregation of magnetic powder 56, one obtains on trigger 43 a resistance force which is 
proportional to the input operation speed of trigger 43, without regard to its input operation 
displacement. Therefore one gets a full direct feeling in the sense of touch transmitted to 
the fingertips. In addition, the number of parts is reduced. 

Also, the configuration is such that the game machine operation device 33 receives 
from main unit 3 1 the aforesaid resistance force data as a specified response signal, but one 
may have a configuration in which it is sent to game machine operation device 33 by 
one-way communication from main unit 3 1 . 

Next, another example of the resistance force generator 53 is described. 

In this example, as shown in Figure 11, container 54 is arranged so that insertion 
opening 58 feces upward. Therefore magnetic powder 56 is accommodated so that when 
there is no magnetic field, it pools in the bottom inside container 54, that is, on the end fece 
that is opposite to insertion opening 58. Rotating vanes 57 are arranged in a state where all 
of one side of them, that is, all of the side opposite to shaft 49, is immersed in the magnetic 
powder 56 that pools in the bottom when there is no magnetic field. 

As shown in Figure 12, rotating vanes 57 have arms 57a - which extend radially 
from shaft 49 and fins 57b - which are formed so as to be extended downward from the 
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tips of these amis 57a -, and at the lower end of these fins 57b they scrape along the 
magnetic powder 56 that pools in the bottom of container 54. 

With such a configuration, normally no current flows in coil 61 and magnetic 
powder 56 pools at the bottom of container 54 with no magnetic aggregation, so the 
5 rotation resistance of rotating vanes 57 is low. 

When, based on game information, current flows in coil 61, magnetic powder 56 
magnetically aggregates, thereby increasing the rotation resistance of rotating vanes 57. 
Next, still another example of the resistance force generator 53 will be described. 
In this embodiment example shown in 13, rotating vanes 57 have a structure 
O 10 having an accommodation part 57a in which magnetic powder 56 is collected when a 

magnetic field is generated. That is, normally, as shown in Figure 13, no current flows in 
% coil 61, magnetic powder 56 fells to the bottom of container 54, and only part of rotating 

5 vanes 57, namely their lower edges, come in contact with it. In this case, the quantity and 

O type of magnetic powder 56 is selected so that a resistance force is applied to rotating 

Of 1 5 vanes 57 by magnetic powder 56. Therefore the rotation resistance of rotating vanes 57 at 

D 

p this time is large. 

When current flows in coil 61 based on game information, as shown in Figure 14, 
magnetic powder 56 is accommodated in accommodation part 57a of rotating vanes 57 by 
the magnetic field. Therefore, the rotation resistance of rotating vanes 57 is made smaller 
20 in accordance with the current that flows in coil 61 . 

In this case too, one obtains on trigger 43 a resistance force which is proportional 
to the input operation speed of trigger 43, regardless of the input operation displacement. 
Next, still another example of the resistance force generator 53 will be described. 
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In this example, as shown in Fig. 15, container 54 is arranged so as to have, in a 
part separated from rotating vanes 57, a space 54a in which magnetic powder 56 collects 
when a magnetic field is generated. That is, normally, as shown in Figure 15, no current 
flows in coil 61, magnetic powder 56 falls to the bottom of container 54, and only part of 
rotating vanes 57, namely their lower edges, come in contact with it. In this case, the 
quantity and type of magnetic powder 56 is selected so that a resistance force is applied to 
rotating vanes 57 by magnetic powder 56. Therefore, the rotation resistance of rotating 
vanes 57 at this time is large. 

When current flows in coil 61 based on game information, as shown in Figure 16, 
due to the magnetic field, magnetic powder 56 collects in space 54a, which is isolated from 
rotating vanes 57. Therefore the rotation resistance of rotating vanes 57 is made smaller in 
accordance with the current that flows in coil 61 . 

In this case too, one obtains on trigger 43 a resistance force that is proportional to 
the input operation speed of trigger 43, regardless of the input operation displacement. 

Also, in each of the above examples, magnetic powder is used as the magnetic 
substance, but a magnetic fluid may be used as well. 

Next, a second embodiment of the present invention will be described with 
reference to Fig. 17. A magnetic circular disk (magnetic member) 81 is attached to shaft 
49, and it turns based on the input operation of trigger 43. Also, electromagnet 61 is 
arranged so as to be opposed to and in the vicinity of the circumferential edge of this 
magnetic circular disk 81, and a magnetic field is generated toward magnetic disk 81 in 
accordance with game informatioa 

In this configuration, resistance force corresponding to the input operation can be 
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generated, in accordance with game information, on trigger (input operation unit) 43 of 
operation device (input means ) 33 that inputs information to game machine main unit 3 1 , 
and the resistance force can be increased in proportion to the operation speed of trigger 43. 

As described above, according to the present invention, a "resistance force" that is 
proportional to the operation speed of the input operation unit can be generated, the 
number of parts can be reduced, and superior effects can be rendered, such as obtaining a 
full direct feel in the sense of touch that is conveyed to the fingertips. 



